Summary. An attempt was made to determine if any of the specialized secretory cell types common to the pars distalis also occur in the pars tuberalis of the human hypophysis. Available for study were 18 specimens of the inferior pars tuberalis, which partially surrounds the infundibular stem, and 3 specimens of the superior pars tuberalis that is attached to the median eminence. Antisera to human somatotropin, mammotropin, chorionic gonadotropin, follicle-stimulating hormone, FSH r, luteinizing hormone, LH r, thyrotropin, TSHfl, as well as to fll-24-corticotropin, porcine f117-39-corticotropin, and ovine LH were used with the Sternberger peroxidase-antiperoxidase immunocytochemical procedure to identify the probable cells of origin for these hormones.
Introduction
The parenchymal cell types composing the pituitary pars tuberalis of man and the functional role played by this lobe have not been identified. According to Romeis (1940) the pars tuberalis has sometimes been regarded as being histologically similar to the pars distalis, but less differentiated, since most of its cells appear chromophobic in sections prepared with differential staining techniques. With respect to occurrence in the human pars tuberalis of specific secretory cell types of the pars distalis, Romeis noted the consistent absence of ~-cells (somatotropes), although others had reported their occasional presence. In the inferior one-half of almost every pars tuberalis examined, Romeis observed sparsely scattered clusters of fl-cells (basophils) that resembled those in the pars distalis. Midgley (1966b) , incidental to an investigation of gonadotropes in the human pars distalis, demonstrated with immunofluorescence the presence of cells containing luteinizing hormone in the inferior portion of the pars tuberalis.
Reported here is an attempt to determine if any of the hormones secreted by the pars distalis might be produced in the pars tuberalis also. Immunocytochemistry was used, this technical approach being feasible because hormones of the pars distalis have become available in synthetic or sufficiently pure form so that reasonably specific antisera to them can be prepared. The information obtained might suggest some of the functions performed by the pars tuberalis, since accumulation of a hormone within the cytoplasm of a parenchymal cell probably indicates that the hormone is also secreted by the cell.
Materials and Methods
For this study the pars tuberalis will be considered in two parts: superior and inferior. The superior pars tuberalis is the portion that adheres to the median eminence of the hypothalamus. The inferior pars tuberalis is attached to and partially surrounds the infundibular stem of the hypophysis, the infundibular stem and pars tuberalis together constituting the pituitary stalk. To secure the superior pars tuberalis a block of tissue, including the hypothalamus, was excised from the brain by frontal cuts along the posterior side of the optic chiasma and the posterior borders of the mammillary bodies: by sagittal cuts medial to the optic tracts: and by a transverse cut through the anterior and posterior commissures. To prepare the inferior pars tuberalis for study, the hypophysis was divided transversely into superior and inferior halves and the superior half with attached pituitary stalk was used.
The specimens were obtained from autopsies performed in the University of Michigan Hospital; eighteen of the inferior pars tuberalis (Table 1) and three of the superior portion were suitable for immunocytochemistry. The postmortem interval before autopsy averaged 6 h with a range of 3 to 16h. All individuals except four were males; they ranged in age from 6 weeks to 72 years. None exhibited primary pathology of the endocrine system. Since a large proportion of these individuals died from violent causes, pathological change in other parts of the body was often minimal.
The tissues were fixed in Bouin's fluid for 48 h, dehydrated in ethanol, cleared in carbon disulfide, and embedded in Paraplast. The mediobasal portion of the brain, including the superior pars tuberalis, was sectioned serially at a thickness of 3 to 5 p.m on a frontal plane. The superior half of each hypophysis, with stalk (including the inferior pars tuberalis) attached, was sectioned serially on either a transverse or sagittal plane. Every fortieth section from each tissue block was stained with either the Masson trichrome procedure (hypophysis) or cresyl violet (hypothalamus) in order to facilitate selection of desirable sections for immunocytochemical analysis of the pars tuberalis.
The peroxidase-antiperoxidase (PAP) procedure of Sternberger, essentially as described by Petrali et al. (1974) , was used for localization of hormones. The antisera to pituitary hormones, and the heterologous antiserum to rabbit IgG (1:10), were applied to the tissue section for 30 min each. The period of incubation in the substrate containing 3,3'-diaminobenzidine (DAB) varied from 5 to 25 min, the duration being determined by the time required to elicit intense immunostaining of cells. A variable number of sections from the different cases were immunostained. If tissue preservation was exceptionally good, as many as 25 slides were prepared. For observation of the distribution of gonadotropic cells as many as six sections from different regions of the pars tuberalis were studied. The antisera to hormones of the pars distalis that were employed in this study are summarized (Table 2) together with their origins and the dilutions used for immunostaining. Along with antisera to intact hormones, antisera to the fl-subunits of FSH, LH and TSH were used because the fl-subunit accounts for the biological properties of the complete hormone and imparts immunological specificity to the hormone (Vaitukaitis and Ross, 1972) . For immunostaining of thyrotropic and FSH-gonadotropic cells, major reliance was placed on anti-hTSHfl I and anti-hFSHfl, respectively. These antisera were preabsorbed by addition of hCG at a concentration of 1.5 to 2.5 I.U./~I, the solution then being incubated at 4 ~ C overnight. For LH-gonadotropic cells, anti-hCG was used routinely.
Since determination that hormones were absent from the pars tuberalis was as important as observing their presence~ regular verification of the capacity of these antisera to permit immunostaining of specific cell types in the pars distalis was necessary. For the inferior pars tuberalis this was accomplished by concurrent immunostaining of the portion of the pars distalis attached to the pituitary stalk in each sagittal section. Also, each time a section of a transversely cut pituitary stalk, or of the superior pars tuberalis was immunostained, effectiveness of the antiserum was demonstrated concurrently in a section of the pars distalis similarly treated.
Several other controls for the procedure and for assessment of antiserum specificity were included. Immunostaining was absent when normal rabbit serum was substituted for a hormonal antiserum, when DAB was omitted from the incubating solution, and when the antiserum was preabsorbed ]
Abbreviations used in this report are as follows: "anti-", an antiserum to the hormone given in the suffix; h, human; p, porcine; o, ovine; r, rat; CG, chorionic gonadotropin; Prl, prolactin (mammotropin); LH, luteinizing hormone; FSH, follicle-stimulating hormone; TSH, thyroid-stimulating hormone with its hormonal antigen 2. Specificity would be indicated also by absence of immunological crossreactivity of the antisera with related hormones. Special attention was given to the glycoprotein hormones (LH, FSH and TSH) since the gonadotropic cell seemed to be the dominant type in the pars tuberalis. At sufficiently high concentrations of the absorbing hormone, variable cross-reactivity between the glycoprotein hormones was observed (Table 3) . Absorptions of antisera with hormones other than with the original antigen, were carried out in the following manner. First the influence of increasing dilutions of the primary antiserum on the intensity of immunostaining was observed. Selected for routine use in immunostaining, and for studies on cross-reactivity with other hormones, was a dilution somewhat less than the highest dilution that would still give maximal staining intensity. Ten Ixl of hormonal absorbant dissolved in physiological buffered saline was added to 10 ~tl of the antiserum giving final concentrations of 0.5, 2.5, 5, and 50 ng/Ixl for the absorbant. The mixture was incubated at 4 ~ C overnite. Then the utility of the absorbed antiserum for immunostaining was compared with that of nonabsorbed antiserum; cross-reactivity and nonspecificity were indicated by absence of immunostaining. Specificity of an antiserum was indicated also if a cell stained with it was not stained with any of the other antisera. Two procedures were followed to observe this possibility. On consecutive sections, 
, no neutralization of the antiserum); -= weak staining (i.e., partial neutralization); 0 = no staining (i.e., complete neutralization of the antiserum) Anti-hCG and anti-hFSHp were evaluated on the basis of staining of gonadotropic cells, and anti-hTSH~ by its staining of thyrotropic cells a Preabsorbed with hCG attempts were made to examine a single cell, or group of cells, when immunostained for two to three different hormones. Also double immunocytochemical staining was employed with DAB and 4-chloro-1-naphthol serving as labels for detection of different hormones, thus permitting differentiation of cell types on the basis of their contrasting colors. In order to compare immunostained ceils with those described previously on the basis of standard cytological staining techniques, some sections containing the pars tuberalis were prepared with the Brookes' (1968) combination of carmoisine L-wool green S-orange G for differentiation of somatotropes from mammotropes, and the Adams and Swettenham (1958) performic acid-PAS-Alcian blue-orange G procedure for differentiation of gonadotropes from thyrotropes.
Results
As demonstrated routinely with anti-hCG, it appeared that the gonadotropic celP (Figs. 1, 7, 11 ) was the dominant cell type of the human pars tuberalis in all specimens studied (Table 1) . Gonadotropic cells were distributed throughout the 3 The terminology for cell types in the pars distalis, as recommended by the Nomina Histologica (1975) is not applied here to ceils of the pars tuberalis in order to avoid the implication that the function of the latter cells is conclusively revealed. Thus, instead of "gonadotrope" (or "gonadotroph"), "gonadotropic cell" will be used (Fig. 11 ) that separates the median eminence from the tuber cinereum. In the inferior pars tuberalis clusters of gonadotropic cells and single gonadotropic cells were scattered between long, longitudinally oriented, portal blood vessels (Fig. 7) that extend throughout this pituitary lobe. In the superior pars tuberalis, gonadotropic cells were c o m m o n l y located close to the external lamina o f the median eminence (Fig. 11) . The gonadotropic cell was usually ovoid, but occasionally polygonal (Figs. 9, 12, 14) . Rarely such cells occurred singly but more c o m m o n l y they were aggregated in clusters. o s t a i n e d with a n t i -h C G (Fig. 9) were also revealed with a n t i -h L H (Fig. 8) , anti-hLH/~ (Fig. 10 ) a n d a n t i -o L H . Also, prior a b s o r p t i o n o f a n t i -h C G with h C G eliminated its usefulness for i m m u n o s t a i n i n g (Figs. 5, 6 ).
G o n a d o t r o p i c cells also seemed to contain F S H . Both a n t i -h F S H a n d antihFSH/~ were p r e a b s o r b e d with h C G to remove c o n t a m i n a t i n g antibodies to L H and thus increase the specificity o f the antisera. W h e n consecutive sections were i m m u n o s t a i n e d with a n t i -h C G p r e a b s o r b e d with h F S H (5 ng/Ixl) (Fig. 12) Figs. 8-10. Consecutive sections of pars tuberalis from 40 yr-old male, a specimen illustrated in Figures 1-4. Figs. 8, 9 , and 10 immunostained, respectively, with anti-hLH, anti-hCG, and anti-hLHfl. With few exceptions the same cells, or clusters of cells, are stained in each section. Below a group of unstained parenchymal cells (P). x 375 and with anti-hFSHfl preabsorbed with hCG ( Fig. 13) , at least some cells were found to contain both LH and FSH although one cannot conclude that all LHgonadotropic cells contained FSH.
Cells containing other hormones of the pars distalis were observed rarely in the inferior pars tuberalis (Table 1) and, if present, only a few appeared in restricted foci. Among these occasional cells were somatotropic, corticotropic (Figs. 2, 15) , thyrotropic (Figs. 3, 16) , and mammotropic cells (Figs. 4, 17) . Corticotropic cells were immunostained with both anti-fll-24-corticotropin and anti-pf117-39-corticotropin. Similarly, identical thyrotropic cells were revealed with anti-hTSH and anti-hTSHfl, both antisera having been preabsorbed with hCG. That the gonadotropic cell differed from the somatotropic, mammotropic and corticotropic cells was indicated by double immunocytochemical staining, with which procedure the gonadotropic cell appeared gold (DAB) and the other types steel-blue (4-Cl-l-naphthol). Also they were shown to be different by comparing consecutive sections, one of which was immunostained for gonadotropic cells, and the other for a different cell type. The latter procedure was not completely satisfactory because so few of the non-gonadotropic cells were present for observation.
The various cell types were usually grouped in a cluster (Figs. 2 4 , 15-17) and they appeared most commonly in the zone of the inferior pars tuberalis that continues into the pars distalis. In the superior pars tuberalis cell types other than gonadotropic cells were not found in two of the three specimens, but in the third Fig. 11 . Section through lateral zone of median eminence (ME) with pars tuberalis (T) alongside and reaching superiorly to junction with tuber cinereum (arrow). Forty-one yr-old male immunostained with anti-hCG. Clusters of gonadotropic cells (black) extending throughout pars tuberalis. III, Third ventricle, x 100
Figs. 12 and 13. Adjacent sections close to area outlined in Figure 11 . Figure 12 immunostaiued with anti-hCG, Figure 13 with anti-hFSHfl preabsorbed with hCG. The same cells stained in both sections; few, if any, parenchymal cells remaining unstained, x 480 several corticotropic cells appeared in the region of continuity between the median eminence and infundibular stem. In accord with the scarcity of m a m m o t r o p i c and somatotropic cells, ceils stained with carmoisine L and orange G, respectively, of the Brookes procedure could not be found. With the Adams-Swettenham procedure, light PAS staining, that is characteristic of gonadotropes, occurred in many cells, while Alcian blue staining was observed rarely. Due to the type of fixation, postmortem cellular changes, and probably the nature of the cells themselves, the results of such histochemical staining were unsatisfactory.
Accurate differential counting of the proportion of the parenchymal cell population made up by gonadotropic cells was not possible because of variable cytolysis that occurred during the postmortem interval preceding fixation. However, on the best preserved specimens (Cases 10 and 20, Table 1) of the inferior and superior pars tuberalis such counts were attempted. From these data it is estimated that at least 8 0~ of the parenchymal cells are gonadotropic. Thus, only a small portion of the total cell population could have included other secretory types. Observation of the pars tuberalis from all cases immunostained for gonadotropic cells revealed exceedingly few unstained parenchymal cells. The areas 
Discussion
Since it appears that the g o n a d o t r o p i c cell is the d o m i n a n t glandular c o m p o n e n t in the h u m a n pars tuberalis, special consideration must be given to the specificity of our antisera for the glycoprotein hormones. The production of specific antisera against human LH, FSH and TSH has been difficult because these hormones contain a common ~-subunit that could account for the frequently observed immunological cross-reactivity between them (Vaitukaitis and Ross, 1972) ; also preparations of these hormones are commonly contaminated with the other two hormones. Data derived from competitive binding studies are helpful in assessing the specificity of such antisera but they cannot be applied unreservedly to immunocytochemical usage because the influence of technical procedures on the status of tissue antigens is unknown.
With respect to anti-hCG, complete cross-reaction between it and hLH has been demonstrated by numerous investigators including Midgley (1966 a) . Hence, anti-hCG has been useful in radioimmunoassays for hLH and its utility for immunostaining of LH in the human hypophysis has been demonstrated (Midgley, 1966b) . In this study anti-hCG was neutralized completely with hCG at a concentration of 2.5 ng/~tl but this did not occur with a 20-fold concentration (50 ng/~tl, Table 3 ) of hTSH, hFSH or their fl-subunits. Hence, anti-hCG seemed to be specific for localization of LH.
Competitive binding studies have shown that specific antisera can be prepared to the fl-subunits of hTSH and hFSH (Vaitukaitis et al., 1973) . With respect to anti-hFSHfl, complete neutralization resulted from preabsorption with hFSHfl and hFSH at a concentration of 5 ng/lxl (Table 3) while this effect was not obtained with a 10-fold higher concentration (50ng/Ixl) of hTSHfl or hTSH. Thus, when anti-FSHfl was preabsorbed with hTSH within the concentration range of 5 to 50 ng/~tl to remove antibodies to TSH, and since it was preabsorbed with hCG routinely to neutralize antibodies to LH, it should have been specific for demonstration of FSH.
The difficulty experienced in completely eliminating LH from TSH preparations is well recognized. In this study anti-hTSHfl was preabsorbed with hCG to remove antibodies to LI-I. Further, immunostaining of presumptive thyrotropic cells with anti-hTSHfl was prevented by preabsorption with hTSHfl and hTSH at a concentration of 2.5 ng/l~l but a 20-fold higher concentration (50 ng/lal) of hFSHfl and hFSH was required to obtain this effect.
For the following reasons it is concluded that most of the cells revealed in the pars tuberalis with anti-hCG are LH-gonadotropic cells. (1) Anti-hCG crossreacts with hLH and prior absorption of the antiserum with hCG prevents immunostaining of these cells. (2) The same cells were stained with anti-LH, anti-hLHfl, and anti-oLH. (3) The presumptive LH-gonadotropic cells of the pars tuberalis far surpass in number all other cell types immunostained with antisera to pars distalis hormones, and few parenchymal cells remain that could contain other hormones. Thus, it seems certain that the LH-gonadotropic cells are different from the somatotropic, mammotropic and corticotropic cells. Further, most of the gonadotropic cells cannot be thyrotropic cells because so few of the latter could be detected with anti-hTSH and anti-hTSHfl. On the other hand, we could not prove that rare LI-I-gonadotropes did not contain TSH because of the paucity of thyrotropic cells and variable postmortem cytolysis. Finally, these observations indicate that most gonadotropic cells contain both FSH and LH, as appears to be true ofgonadotropes in the human pars distalis (Phifer et al., 1973; Robyn et al., 1973) .
The presence of gonadotropic cells in the pars tuberalis may be characteristic of mammals in general. As in man, FSH/LH-gonadotropic cells are prominent in the superior portion of the pars tuberalis of the rhesus monkey (unpublished data). In the rat, Baker and Yu (1975) demonstrated with immunocytochemistry that gonadotropic cells are characteristic components of the caudal pars tuberalis associated with the infundibular stem. However, cephalically in the pars tuberalis attached to the median eminence gonadotropic cells are rare, in marked contrast to their considerable frequency in man and the monkey (Baker, unpublished) . Other evidence supporting the concept that gonadotropic cells occur in the pars tuberalis of mammals is available. Thus Legait et al. (1970) and Stoeckel et al. (1973) described PAS-positive cells in the pars tuberalis of the rat which they regarded as being gonadotropic. Dellmann et al. (1974) supported this conclusion with electron microscopy.
The demonstration that gonadotropic cells are plentiful in the superior pars tuberalis means that some cells of origin for LH and FSH lie close to nerve terminals in the external lamina of the median eminence that contain, and presumably secrete, gonadotropin-releasing hormone. The functional significance of such a close positional relationship between effector and receptor structures warrants investigation.
Finally, these observations may have clinical significance. When hypophysectomy is performed in man the superior pars tuberalis, and possibly some of the inferior pars tuberalis, remains in situ. Because of the many gonadotropic cells in this tissue the potential for continued LH and FSH secretion is high. Hence, it is possible that persistent secretion of gonadotropin might influence the clinical result when hypophysectomy is performed for therapeutic purposes. In contrast, functionally significant secretion of gonadotropins after hypophysectomy of rats might not be expected because the comparable portion of the pars tuberalis contains few gonadotropic cells.
